The phylogenetic position and phenotypic characteristics of two non-spore-forming bacilli similar to members of the genus Listeria were studied. The Gram-reaction-positive, slightly motile, facultatively anaerobic strains were isolated from the water plant Lemna trisulca sampled from a freshwater pond in Bavaria, Germany. Although no identification was possible employing the API Listeria test (bioMé rieux), 16S rRNA sequence analysis confirmed a close phylogenetic similarity to Listeria rocourtiae DSM 22097 T (99.0 % sequence similarity) and a more distant relationship to 
2009). L. innocua, L. welshimeri, L. grayi, L. marthii and L. rocourtiae are considered to be non-pathogenic, but L. monocytogenes, L. ivanovii and L. seeligeri are haemolytic and harbour variants of the main Listeria virulence gene cluster (Hain et al., 2007) . While L. monocytogenes is recognized as a severe human pathogen (Khelef et al., 2006) , L. ivanovii predominantly causes disease in animal livestock. L. seeligeri, despite the presence of the virulence gene homologues, is considered to be non-pathogenic (Gouin et al., 1994) .
The phenotypic characters of the species of the genus Listeria described so far are very similar, but the recently recognized species L. rocourtiae has been characterized by a series of non-typical biochemical properties (Leclercq et al., 2010) . In this report, analysis of two Listeria-like bacilli, which were isolated from the water plant Lemna trisulca, using a polyphasic approach is described. The plants were taken from the standing freshwater pond Postweiher, located in Bavaria, Germany, within the Pfaffenhofen district. The bacilli were found on Lemna trisulca, which is a member of the Araceae (subfamily Lemnaoidae), a clade of monocotyledons. The two strains were isolated after sample enrichment (24 h, 30 u C) in half Fraser broth (SIFIN) and streaking on PALCAM agar (SIFIN).
PALCAM agar plates were incubated at 30 u C for 48 h. After selection, strains were subcultured on trypticase soy agar (TSA) and incubated aerobically (30 u C, 48 h). The two isolates studied were WS 4560 T and WS 4615. Culture conditions used for maintenance of WS 4560 T and WS 4615 as well as of reference strains (type species of the known members of the genus Listeria and Brochothrix thermosphacta DSM 20171 T ) were 48 h incubation at 30 u C on TSA or BHI agar (Oxoid). Strains were stored at 220 u C as suspensions in semisolid TSA including 12 % glycerol.
Morphological examination of the cells grown for 24 h in BHI broth at 30 u C was conducted by phase-contrast microscopy. Cells of WS 4560
T and WS 4615 were rodshaped with rounded ends and elongated in size (0.4-0.5 mm in width and 2.0-4.5 mm in length; Fig. S1 in IJSEM Online). Neither encapsulation nor spore formation was observed.
The temperature range for growth was determined by streaking on TSA and incubation at 5, 15, 22, 27, 30, 37, 42 and 45 u C. Growth was assessed by the formation of visible single colonies within 1-14 days. Both isolates grew at 5-30 u C. Colonies were 1.0-2.5 mm in diameter, translucent, smooth, whitish, raised with slightly irregular margins and appeared whitish to blue lighted when observed by obliquely transmitted light. Additionally, growth at 3 u C was assessed in plate count broth with shaking. Obvious turbidity was observed after 10 days of incubation. The optimal growth temperature for the two strains as well as for the type strains of all species of the genus Listeria was determined in BHI broth at 24-40 u C for 24 h applying temperature intervals of 2 u C using a Microbiology Workstation Bioscreen C. Five parallel measurements of each strain were performed and the optical density at 600 nm was determined at intervals of 30 min. Based on the exponential region of the growth curves (up to OD 600 of 0.2), the generation time was determined. Since such data have not been reported in the literature so far, the results for all type strains of members of the genus Listeria are given in the supplementary data (Table S4 and Fig. S2 ). Optimal growth of WS 4560 T and WS 4615 was observed at 28-34 u C.
Motility was examined at different growth temperatures (15, 22, 30 and 37 u C) with incubation for 5 days on semisolid stab inoculated BHI medium (Oxoid) containing 0.2 % (w/v) agar. Both isolates showed weak motility at 15 to 30 u C.
The pH values for growth were examined as described (Xu et al., 2005) in tryptone soy broth devoid of NaCl, using three buffer systems (pH 4.0-5.0, 0.1 M citric acid/0.1 M sodium citrate; pH 6.0-8.0, 1 M KH 2 PO 4 /1 M NaOH; pH 9.0-10.0, 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 ) and NaOH and HCl for pH adjustment. Analysis was performed using a Microbiology Workstation Bioscreen C by shaking cultures at 30 u C for 24 h. Both isolates grew at pH 6-8 and showed optimal growth at pH 7-8.
Salt tolerance of WS 4560
T and WS 4615 was determined in BHI broth (Oxoid) containing 3. 5, 6.5, 10.5, 12.5, 14.5, 17.5 and 20 .5 % (w/v) NaCl using a Microbiology Workstation Bioscreen C. Incubation was carried out by shaking cultures for 72 h at 30 u C. Both isolates grew in nutritional broth containing 3.5 % (doubling time 90-100 min) and 6.5 % NaCl (doubling time 22-23 h). The results for type strains of members of the genus Listeria are shown in Table S4 and Fig. S3 .
Growth under anaerobic conditions was determined using an anaerobic jar containing an anaerobic catalyst according to the manufacturer's instructions (Anaerocult A; Merck). Both isolates formed small colonies (0.5-1.0 mm in diameter) within 48 h at 30 u C under anaerobic conditions.
WS 4560
T and WS 4615 were streaked on the following selective media: PALCAM agar (SIFIN), Listeria agar according to Ottaviani and Agosti LAOA (Bio-Rad), XLD agar (SIFIN), Brilliance Salmonella agar (Oxoid) and Cetrimide agar (Merck). The strains were incubated on the selective media for 48 h at 30 u C. On PALCAM agar, greyish colonies were formed with rough textures, discontinuous margins and dark, sunken centres. Well grown light-coloured turquoise colonies of 1.0-2.5 mm in diameter were detected on LAOA agar. No growth was observed on XLD, Brilliance Salmonella or Cetrimide agars.
The methyl red test, Voges-Proskauer test and reduction of nitrate to nitrite were examined as described previously (Seeley et al., 1972) , results being positive, negative and positive, respectively, for both isolates. Both isolates were tested for the production of indole and H 2 S as well as for hydrolysis of urea and utilization of exogenous citrate using BBL Enterotube II (Becton Dickinson) according to the manufacturer's recommendation. BBL Enterotube II tests were read after 48 h incubation at 30 u C. Urea and exogenous citrate were not utilized and indole and H 2 S were not produced. Biochemical tests were performed using API Listeria strips (Bille et al., 1992) from bioMérieux. Strips were read after 24 h incubation at 30 u C. The API Listeria strips showed negative results for arylamidase testing, a-mannosidase, D-ribose, glucose 1-phosphate and D-tagatose. Positive results were observed for hydrolysis of aesculin, acidification of D-arabitol, acidification of D-xylose, L-rhamnose and methyl a-Dglucopyranoside. The API Listeria profile 2710 was obtained for WS 4560
T and WS 4615 and did not fit any known Listeria profile in the database provided by the manufacturer. Additionally, acid production from carbohydrates was determined using the API 50 CH system (bioMérieux) as recommended by the manufacturer. API 50 CH tests were incubated anaerobically at 30 u C and read after 1, 2, 5, 7 and 14 days. Results of biochemical examinations were identical for WS 4560 T and WS 4615 and the results obtained after 14 days incubation are listed in the species description.
Catalase activity was examined using 3 % (v/v) hydrogen peroxide. Oxidase testing was performed using Bactident Oxidase test strips (Oxoid) according to the manufacturer's instructions. Both isolates were catalase-positive and oxidase-negative.
Haemolytic activity of WS 4560
T and WS 4615 was examined in BHI broth (Merck) supplemented with 5 % (v/v) erythrocytes suspension originating from defibrinated sheep's blood (Oxoid) by aerobic incubation at 30 u C. The CAMP test (Christie et al., 1944) was performed on Columbia agar (Oxoid) containing 5 % defibrinated sheep's blood. The strains used for CAMP testing were Staphylococcus aureus DSM 12463 and Rhodococcus equi DSM 20307
T . In BHI broth containing erythrocytes and on blood agar plates, no haemolysis was observed. CAMP testing also yielded negative results.
The G+C content of genomic DNA was analysed by the Identification Service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, Germany) by HPLC (Cashion et al., 1977; Mesbah et al., 1989; Tamaoka & Komagata, 1984) . The DNA G+C contents of WS 4560
T and WS 4615 were 41.8 mol% and 41.0 mol%, respectively.
The examination of quinones was carried out by Dr B. Tindall (DSMZ) as described previously (Altenburger et al., 1996) . The sole respiratory quinone of WS 4560 T and WS 4615 was menaquinone MK-7 (100 %). Analysis of the peptidoglycan structure (Rhuland et al., 1955) , as well as DNA-DNA hybridization studies as described by Cashion et al. (1977) and De Ley et al. (1970) , including modifications described by Huß et al. (1983) , were performed by the DSMZ. The peptidoglycan contained meso-diaminopimelic acid as diagnostic diamino acid, which is known to belong to type A1c (Schleifer & Kandler, 1972 T was performed by DSMZ. Profiles of cellular fatty acids were determined using an Agilent 6890N GC (software Sherlock version 6.1; MIDI) according to the method TSBA 40 (Verbarg et al., 2008) . Major fatty acids of WS 4560
T and WS 4615 were anteiso-C 15 : 0 (approx. 66 and 47 %, respectively) and anteiso-C 17 : 0 (approx. 24 and 33 %, respectively). Other fatty acids detected are listed in Table S1 .
The phylogenetic position of the isolates was determined by sequence analysis of the complete 16S rRNA genes and concatenated partial gene sequences of prs, recA, sigB and HSP60. DNA was extracted as described previously (Rebuffo et al., 2006) with an additional cooking step (5 min at 95 u C) after cell lysis. The complete 16S rRNA genes were amplified by PCR using universal bindingprimers (16Sfor 59-agagtttgatcctggctca-39, 16Srev 59-cgg- constructed by the neighbour-joining method is based on a comparison of 1399 nt. Bootstrap values, expressed as percentages of 500 replications, are given at branching points. Bar, sequence divergence of 2 %. The same tree topology could be recovered when the tree was generated by distance estimation according to Kimura (1980) (data not shown). GenBank accession numbers for sequences are shown in parentheses.
Listeria weihenstephanensis sp. nov.
ctaccttgttacgac-39) as described previously (Büchl et al., 2008) . Cycle sequencing of PCR products was performed by Sequiserve (Vaterstetten, Germany). Due to the low number of informative sites in 16S rRNA sequences of the genus Listeria, partial recA, prs, sigB and HSP60 gene sequences from the isolates were obtained to further characterize the phylogenetic position of the isolates. To this end, appropriate primer sequences were designed (see Table S2 ). PCR analysis for recA, prs and sigB were carried out by applying 100 ng DNA to the amplification reaction containing 3 ml 106 PCR Buffer IV (Thermo Scientific), 1 mM dNTP Mix (Thermo Scientific), 2 mM MgCl 2 (Thermo Scientific) 12.5 pmol of each primer, 0.5 U Taq DNA polymerase (Thermo Scientific) and variable amounts of MilliQ to a total volume of 25 ml. PCR was carried out for 1 min at 95 u C for the first cycle, followed by 30 cycles of 20 s at 95 u C, 30 s at 50 u C and 1 min at 72 u C. The last cycle was 5 min at 72 u C. Amplification of HSP60 gene sequences was performed as described previously (Goh et al., 1996) . Cycle sequencing of PCR products was performed by LGC Agowa (Berlin, Germany). Sequencing of partial recA, prs, sigB and HSP60 gene sequences of
T and B. thermosphacta DSM 20171
T was either performed as described above or, if available, sequences were retrieved from the NCBI database (http:// www.ncbi.nlm.nih.gov). Partial sequences were concatenated manually without using software. All sequences obtained in this work, together with sequences of members of the genus Listeria retrieved from databases, were aligned with CLUSTAL_X 2.0 (Thompson et al., 1997) . The program used to carry out pairwise sequence comparisons was CLUSTAL W 2 2.1. The distance matrices of the multiple sequence alignments were calculated using TREECON (Van de Peer & De Wachter, 1997) . Rooted phylogenetic trees with B. thermosphacta DSM 20171 T as an outgroup were constructed by estimating distances according to Jukes & Cantor (1969) using the neighbour-joining method (Saitou & Nei, 1987) . Stability of clusters was tested by the reconstruction of phylogenetic trees by distance estimation according to Kimura (1980) (data not shown). Sequences of complete 16S rRNA genes (1399 bp) and concatenated partial sequences of prs, recA, sigB and HSP60 genes (1646 bp) of strains WS 4560 T (FR850019) and WS 4615 (FR850020) were identical and revealed a distinct lineage with respect to other known Listeria species. The 16S rRNA similarity values of WS 4560 T to L. rocourtiae DSM 22097 T and L. grayi DSM 20601 T , its closest neighbours, were 99.0 % and 95.0 %, respectively (Fig. 1) . Analysis of the concatenated gene sequence showed similarities of 81.0 % to L. rocourtiae DSM 22097 T and 79.0 % to L. grayi DSM 20601 T , corroborating a very clear separation of the novel isolates from other members of the genus Listeria (Fig. 2) .
Based on the phenotypic characteristics and the genotypic distance from the Listeria species so far described, the two isolates studied in this work should be classified as representatives of a novel species within the genus Listeria, for which the name Listeria weihenstephanensis sp. nov. is proposed. The type strain of L. weihenstephanensis is WS 4560 T was chosen as an outgroup. The tree was constructed using the neighbour-joining method. Bootstrap values, expressed as percentages of 500 replications, are given at branching points. Bar, sequence divergence of 10 %. The same tree topology could be recovered when the tree was generated by distance estimation according to Kimura (1980) (data not shown). Accession numbers of partial sequences are given in Table S3 .
sis. Since DNA-DNA hybridization was above 95 %, these two isolates belong to the same species. No sequence differences in the loci studied and no phenotypic differences were found between these two isolates, but there was small difference in the DNA G+C content, which cannot be ignored. Since RAPD patterns were identical (data not shown), and the strains were isolated from the same sample site, we cannot exclude the proposal that they belong to the same clone. The differential characteristics of Listeria weihenstephanensis, L. rocourtiae DSM 22097 T and L. monocytogenes DSM 20600
T are listed in Table 1 .
Description of Listeria weihenstephanensis sp. nov. 
